Background: Previous studies revealed that right ventricle apex pacing with different modes may yield abnormal electrical activity and left ventricle dyssynchrony. Aim of the work: To evaluate systolic function of left ventricle and mechanical dyssynchrony with different modes of pacing using real time three dimensional echocardiography [the RT3DE] and tissue Doppler imaging [TDI].
INTRODUCTION
Optimal pacing modes used for the management of bradycardia is crucial. In advanced degree of heart block or sick sinus syndrome [SSS], use of DDD and VVI modes, the risk of congestive heart failure, atrial fibrillation and thromboembolism may be increased [1] . This could be explained by derangement of myofibers, intra-or inter-ventricular dyssynchrony, with subsequent reduction of muscular contractility function. This manifested clinically by reduction of left ventricle ejection fraction, and manifestation of heart failure in some cases. Once reduction of LVEF starts, there is deterioration in quality of life, increased tendency of atrial fibrillation and increased incidence of mortality. Therefore, it is important that left ventricular mechanical dyssynchrony [LVMD] and function of the left ventricle are objectively measured in patients with different pacing modes [2] . Current techniques of echocardiography included the use of regional velocity, strain, and strain rate measured by tissue Doppler. Although, other several echocardiographic dyssynchrony parameters were used in multicenter trial to predict clinical and echocardiographic responsiveness to dual chamber pacemaker, the sensitivity and specificity of these parameters were modest [3] .
In that regard, real-time three-dimensional echocardiography [RT3DE] provides strong tomographic imaging for the left ventricle, which could provide accurate and reproducible indices of left ventricular dyssynchrony than available techniques. In addition, 3D echo is a sole technique, as it permits comparison between all myocardial segments' dyssynchrony [including the apex] rather than those used within a 2D scan plane [4] .
AIM OF THE WORK
The present study aimed to evaluate the left ventricular mechanical dyssynchrony [LVMD] and function of left ventricle in different pacing modes using real-time three-dimensional echocardiography [RT3DE] and tissue Doppler imaging [TDI]. In addition, to compare dyssynchrony indices derived from RT3DE with different tissue Doppler indices.
PATIENTS AND METHODS
The study included thirty-five individuals with permanent dual chamber pacemaker provided by St. Jude Medical, Inc. [St. Paul, MN, USA] [27 patients received pacemaker due to permanent high grade AV block, 3 due to intermittent AV block, 2 because of suffering from sick sinus syndrome and 3 because of inappropriate bradycardia] with the atrial leads placed in the right atrial appendage and the right ventricular leads placed in the right ventricular apex. All patients selected from Al-Azhar University Hospital [New Damietta], cardiology department between January and December 2017. Any patients with Poor echocardiographic recordings, significant valvular heart disease, atrial fibrillation, coronary heart disease and cardiomyopathy were excluded.
All patients provided an oral consent and full history taking. Then, submitted to full clinical examination, resting 12 lead electrocardiography, confirming lead position and excluding lead fracture throw chest X ray or cinefloroscope postero-anterior and lateral views, pacemaker interrogation and programming and Trans-thoracic echocardiographic examination. Dual-chamber pacemakers were programmed for DDD and VVI modes in all patients, in successive manner, i.e. the AAI pacing mode was programmed in 8 patients only who had good AV conduction. DDD pacing mode was initially programmed in all patients, prior to the pacemakers being programmed from DDD to VVI modes and then from VVI to AAI modes. Subsequent to pacing being done in each mode for 24 h, the RT3DE and TDI images were acquired, respectively.
For transthoracic echocardiography: all the following were obtained: 1] modified Simpson's method for assessment of LV systolic function. 2] Color m-mode to assess septal to posterior wall mechanical delay. 3] Pulsed wave Doppler to assess left ventricular pre-ejection period, right ventricular pre-ejection period and interventricular mechanical delay. 4] IV. Doppler tissue imaging [DTI] to assess septal to posterior wall delay, Ts-SD and Ts-MD. 5] RT3DE to assess SDI-6, SDI-12 and SDI-16, LVEDV, LVESV and LVEF. RT3DE was carried out by available echocardiographic system [iE33; Philips Medical Systems, Andover, MA, USA] by using an X3 matrix transducer. Patients were inquired to take and hold their breath and the images were attached with an electrocardiographic registration. A hard disk of echocardiography system was used to store images to be available for further analysis offline with special software [QLAB, version 10.4; Philips Medical Systems]. The evaluated data included LV end-diastolic volume [LVEDV], LV end-systolic volume [LVESV], LVEF and RT3DE volume-time curves [VTCs] . Left ventricle was allocated into 16 sections, from apex to base, according to the segmentation schema of the American Heart Association and the American Society of Echocardiography, and the regional VTCs were gained for each section [segment]. To assess systolic dyssynchrony, the standard deviation [SD] of time from the onset of QRS to the minimal systolic regional volume was recorded for 16 sections, i.e. 6 basal, 6 middle and 4 apical segments [SDI-16]; as well as 12 sections, i.e. 6 basal and 6 middle segments [SDI-12], and the 6 basal sections [SDI-6] of the left ventricle for each subject. All indices were normalized as percentages of the RR-interval, the cut-off value used in this study was 8.3%. The higher the value, the worse the LV synchronicity.
TDI echocardiograms were obtained through usage of the iE33 echocardiography system with a broadband transducer [S5-1,2-5 MHz]. The images were associated with a record of electrocardiogram. The TDI investigations were carried out according to guidelines of the American Society of Echocardiography. The variables evaluated using TDI were Ts-SD and Ts-MD, which were recognized as the standard deviation and maximal time difference, respectively, from the onset of QRS to the peak systolic tissue velocity for 12 segments of the left ventricle, i.e. 6 basal and 6 middle segments attained from two, three and fourchamber apical views. In addition, TDI analysis of 6 basal and 6 middle segments was obtained from two, three and four-chamber apical views. The cut-off value of Ts-SD used in this study was 32.6 msec. The higher the value, the worse the LV synchronicity.
The RT3DE and TDI analysis of each patient was carried out by three different investigators and the data shown are the mean of three consecutive measurements 
Statistical analysis
Data were collected in a pre-prepared excel sheet, coded and transferred to statistical package for sciences, version 20.0 [SPSS Inc., Chicago, Illinois, USA]. Arithmetic means and standard deviations were used for expression for numerical, normally distributed data; while frequency and percentages were used for representation of categorical data. For comparison between two means, independent samples student [t] test was used, while Chi square test was used in ordered to compare percentages between two qualitative variables. P value < 0.05 was considered significant. Table 4 ]. 
RESULTS

This
DISCUSSION
In the present study we assessed different left ventricle mechanical dyssynchronization indices [basic, tissue Doppler and real time three dimensions' indices] in all patients after 24 hours from pacing on DDD and VVI modes and in subgroups of eight patients after twenty-four hours from pacing on AAI mode. The study tried to answer the following questions; 1] Is there any difference between different pacing modes regarding left ventricle mechanical dyssynchrony and left ventricle systolic function? 2], can real time three dimensions' echocardiography used for assessment of left ventricle mechanical dyssynchrony in comparison with Doppler tissue imaging?
Regarding difference between pacing modes regarding left ventricle mechanical dyssynchrony and left ventricle systolic function, results of the present work showed agreement with Dai et al. [5] who studied 20 individuals with sick sinus syndrome to assess the mechanical dyssynchrony and function of the left ventricle in AAI, DDD and VVI by RT3DE TDI, 24 hours after mode programming. They concluded that DTI and RT3DE dyssynchrony indices in AAI mode were significantly reduced than those in DDD and VVI modes [P<0.05]; however, DDD and VVI modes did not differ significantly [P>0.05]. There were negative correlations between the LVEF and dyssynchrony indices. The LVEF in the AAI was also higher than that of DDD and VVI modes, but unlike our study there were no significant difference between LVEF in different modes and that could be explained by the difference between both studies in number and nature of patients. Cai et al. [6] studied 15 individuals with sick sinus syndrome to assess the left ventricle function and mechanical dyssynchrony in AAI, DDD and VVI pacing modes by RT3DE and TDI after pacing for 5 minutes in each mode. They concluded DTI and RT3DE dyssynchrony indices in the AAI mode significantly reduced than DDD and VVI modes; and no significant differences were registered between the DDD and VVI modes. There were negative correlations between the LVEF and dyssynchrony indices. But, unlike our study the LVEF in the AAI was significantly higher than that of DDD and VVI modes and that could be explained by the difference between both studies in number, nature of patients and duration of pacing on each mode before the assessment. In addition, results of the present work coincide with Albertsen et al. [7] who investigated global function of left ventricle and regional left ventricular mechanical dyssynchrony in 50 consecutive patients with sick sinus syndrome We used the standard deviation of time from the QRS onset to the minimal systolic regional volume for basal 6 segments [SDI-6], for basal 6 segments and mid 6 segments [SDI-12] and for basal 6 segments mid 6 segments and apical 4 segments [SDI-16] for assessment of LV mechanical dyssynchrony in each pacing mode and compare it with Doppler tissue indices; the standard deviation of time from the QRS onset to the peak systolic tissue velocity[Ts-SD] and The maximal difference in time from the QRS onset to the peak systolic tissue velocity[Ts-MD], we found strong correlation between RT3DE indices and DTI indices in each pacing mode[P<0.001]. In agreement with our study Dai et al. [5] found strong correlation between DTI indices and SDI-12 and SDI-16 [p<0, 001]; however there was no correlation between DTI indices and SDI-6. This difference could be explained by the difference between both studies in number and the study population as they studied only patients with sick sinus syndrome while we studied patients with permanent and intermittent high grade AV block and patients with different types of sinus node dysfunction. The study of Takeuchi et al. [8] showed agreement with our results as they studied a total of 122 participants, including 21 control subjects and 101 patients with a wide range of LV ejection fraction [ In contrast to our study, Samir et al. [3] found no correlation between SDI-16 and Ts-SD [r = 0.14, P = 0.3] when they assessed LVMD using RT3DE in 60 consecutive patients who were considered candidates for CRT and compared it with the different dyssynchrony indices derived from Doppler tissue imaging [DTI] for the same patient. This contrast could be explained by the difference in patients' number and study population as they studied only patients with impaired LVEF and before implantation of CRT while we exclude any patient with impaired LVEF and studied only patients who had dual chamber pacemaker. however, SDI-16 in their study showed good correlation with QRS duration [r = 0.45, P < 0.001] and inverse correlation with left ventricular ejection fraction [LVEF] calculated by RT3DE [r = −0.37, P = 0.004], while 12 Ts-SD index showed no correlation with QRS duration [r = −0.0082, P = 0.51] or 2D LVEF [r = −0.26, P = 0.84].So, they concluded that RT3DE could quantify LVMD by providing the SDI-16 and it might prove to be more useful than DTI.
Limiting steps of the present work include small sample size, the study is single-centered and selfcontrasted. In addition, the study analyzed acute phase changes of differed modes of pacemakers. However, the study concluded that, systolic synchronicity of left ventricle, in AAI mode is superior to that in the DDD and VVI modes. Ejection fraction in AAI and DDI modes is superior to VVI mode. Finally, real time three dimensional echocardiography is able to give objective and accurate evaluation of left ventricle mechanical dyssynchrony in patients with various pacing modes in comparison to tissue Doppler imaging. Worsening of left ventricle ejection fraction is associated with increased LV dyssynchrony indices in real time 3-D echocardiography and tissue Doppler imaging.
